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METHOD OF PRODUCING AN
OUTCOUPLING ELEMENT FOR AN
OPTOELECTRONIC COMPONENT AND
OUTCOUPLING ELEMENT

TECHNICAL FIELD

This disclosure relates to a method of producing an
outcoupling element for an optoelectronic component and an
outcoupling element, 1 particular for an optoelectronic
component.

BACKGROUND

Known outcoupling elements have insuflicient outcou-
pling of light generated i a semiconductor chip of an
optoelectronic component since large refractive index dii-
ferences are present at the interface between the semicon-
ductor chip surface and 1ts surroundings. This problem 1is
particularly relevant for semiconductor chips that emait radia-
tion from the red or IR wavelength region and have InGaAlP
and/or GaAs based materials that have a high refractive
index of n>3. Semiconductor chips are typically embedded
in a matrix material, for example, made of silicone or epoxy,
having a refractive index of 1.4 to 1.55. This increases the
outcoupling of the light emitted by the semiconductor chip
compared to a semiconductor chip surrounded by air with a
refractive index n=1. Furthermore, the matrix material acts
as a barrier against environmental nfluences and can be
formed as a lens to efliciently outcouple the radiation
emitted by the semiconductor chip from the component. So
far, nanoparticles such as zirconium oxide or titanium diox-
ide have been known as highly refractive additives for
outcoupling materials. Such nanocomposites made of zirco-
nium oxide or/and titantum dioxide and polymer matrix
material have the disadvantage that they can only be applied
as thin film materials and thus cannot be formed as a lens.
Previously examined organically loaded zirconium oxide
nanoparticles also yellow under blue light and temperature
tests per se or in a matrix material, for example, made of
silicone as well. In InGaAlP/GaAs, the photonic energy of
the wavelengths to be used of >600 nm 1s not suflicient to
cleave bonds of typical matrix materials, 1 particular ther-
mally oxidized species thereof.

There 1s thus a need to provide an outcoupling element
that efliciently outcouples radiation emitted by the semicon-
ductor chip, an outcoupling element for an optoelectronic
component and a method of producing an outcoupling
clement for an optoelectronic component that efliciently and
simply produces an eflicient outcoupling element.

SUMMARY

We provide a method of producing an outcoupling ele-
ment for an optoelectronic component including A) provid-
ing quantum dots each having a core made of a semicon-
ductor material, B) applying an 1inorganic or a phosphonate-
containing ligand shell on a respective core of the quantum
dots, and C) introducing the quantum dots with the ligand
shell into a matrix maternal, wherein introducibility of the
quantum dots with the ligand shell 1s facilitated compared to
the quantum dots produced in step A), and the outcoupling,
clement 1s transparent for radiation from the red and/or IR
region.

We also provide an outcoupling element including a
matrix material which 1s a highly refractive silicone and in
which quantum dots each having a core of GaP or InP are
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embedded, wherein a respective core has a ligand shell of
silica or phenyl-functionalized siloxane-phosphonate, and
the outcoupling element 1s transparent to radiation from the
red and/or IR region.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the hot 1njection method.

FIGS. 2A and 2B each show quantum dots having a first
or second ligand shell according to an example.

FIG. 3A shows a method of producing an encapsulation
clement according to an example, normally, these “encap-
sulation elements™ can additionally be mixed into a poly-
meric matrix.

FIGS. 3B and 3C each show quantum dots according to
one example.

FIGS. 4A to 4F each show a schematic side view of an
optoelectronic component according to an example.

REFERENCES

100 optoelectronic component
1 substrate

2 semiconductor chip

3 lens

4 recess

5 housing

6 casting

7 quantum dots

71 core

72 1norganic or phosphonate-containing ligand shell
73 first ligand shell

8 matrix material

9 outcoupling element

10 stabilizing reagent

DETAILED DESCRIPTION

Our method of producing an outcoupling element for an
optoelectronic component may have the following steps:

A) providing quantum dots each having a core made of a
semiconductor material,

B) applying an inorganic or a phosphonate-containing,
ligand shell on the respective core of the quantum dots,
and

C) introducing the quantum dots with the ligand shell into
a matrix material,

wherein the mtroducibility of the quantum dots with the
ligand shell 1s facilitated compared to the quantum dots
produced in step A), and

the outcoupling element 1s transparent for radiation from
the red and/or IR region.

Alternatively, an organic ligand shell can be used 1n step B)
instead of an morganic or a phosphonate-containing ligand
shell.

The method may comprise a step A), providing quantum
dots. The quantum dots have a core made of a semiconductor
material. The semiconductor material can be selected from
a group comprising gallium phosphide (GaP), indium phos-
phide (InP), gallium arsenide (GaAs) and mndium galllum
aluminium phosphide (InGaAlP). The semiconductor mate-
rial 1s preferably gallium phosphide or indium phosphide,
particularly preferably gallium phosphide. The quantum
dots are in particular transparent for radiation from the red
and/or IR wavelength region. For example, gallium phos-
phide has a transparency with an absorption coetlicient k=0
at wavelengths >500 nm. Indium phosphide has an absorp-



US 11,075,324 B2

3

tion coetlicient k=0.15 at a wavelength of 850 nm and an
absorption coellicient k=0 at 933.7 nm. Indium phosphide
nanoparticles are more easily accessible than gallium phos-
phide nanoparticles. Indium phosphide quantum dots would
therefore be limited for the use of IR diodes having a
wavelength of 950 nm.

We therefore provide a significant increase in the refrac-
tive index by embedding, for example, gallium phosphide
with a refractive mdex of 3.314 at 633 nm or indium
phosphide having a refractive index of 3.536 at 633 nm in
a matrix material, for example, a polymer and at the same
time a good introducibility of these quantum dots in the
matrix material.

Preferably, the quantum dots are nanoparticles, 1.e., par-
ticles having a size 1n the nanometer range with a particle
diameter d.,, for example, between at least 1 nm and at most
1000 nm. Ideally, the particle diameter should not exceed
approximately 1o of the wavelength, for example, at 600
nm a particle diameter of approximately 60 nm so that the
nanoparticles have as little negative influence as possible on
the transparency of the overall nanocomposite system. The
quantum dots comprise a core, that 1s to say a semiconductor
core, that can have wavelength-converting properties in the
corresponding wavelength region. At wavelengths, for
example, of >500 nm that 1s to say, for example, in the red
or IR wavelength range, the core has no significant influence
on the transparency of the matrix material. Transparent
means a transmission of greater than 90 or 95% at least for
the radiation emitted by a semiconductor chip. The semi-
conductor core or the core can be surrounded by one or more
layers as a coating. This coating is referred to as a ligand
shell, 1 particular as an 1morganic, organic or phosphonate-
contaiming ligand shell. In other words, the core can be
completely or almost completely covered by a ligand shell
on the outer surfaces or surfaces thereof.

The semiconductor core can be a monocrystalline or
polycrystalline agglomerate.

The quantum dots may have an average diameter of 3 nm
to 10 nm, particularly preferably 3 nm to 5 nm. The quantum
dots can be formed spherical or rod-shaped. The values are,
in particular, the average diameter of the core, that 1s to say,
without a ligand shell.

The quantum dots 1n step A) may have a first ligand shell
different from the 1inorganic or phosphonate-containing
ligand,

wherein, 1n step B), the first ligand shell 1s exchanged by
the 1organic or phosphonate-containing ligand shell, and

the quantum dots having the first ligand shell have a
smaller refractive index than the quantum dots having the
inorganic or phosphonate-containing ligand shell.

The quantum dots produced 1n step A) may be produced
by hot 1njection. Preferably, in the hot mnjection method, a
cation species can be provided in solution 1n a container.
Subsequently, the anion species can be injected into this
solution. The anion species can be added dropwise to the
cation species within a so-called nucleation time of, for
example, 0.5 to 1.5 s. Monomer complexes are formed. The
supply of energy can be increased. A rapid saturation of the
monomer complexes and thus a nucleation can be produced.
Subsequently, the quantum dots can be ripened, for example,
with the so-called Ostwald ripening. Temperatures of 200°
C. to 3350° C. can be used 1n the hot 1njection method.

The quantum dots produced 1n step A) may be produced
by hot injection and the semiconductor material may com-
prise GaP.

Trioctylphosphine oxide can be added as stabilizing
reagent during step A). Stabilizing reagents, also referred to

5

10

15

20

25

30

35

40

45

50

55

60

65

4

as surface-active substances or surfactants, are substances
that reduce the surface tension. Stabilizing reagents or
surfactants are sufliciently known and are therefore not
explained in more detail.

In other words, colloidal quantum dots can be produced
from a reaction mixture of precursor material, solvent and
optionally stabilizing by the hot injection method. The
stabilizing reagents can stabilize the colloidal quantum dots

by forming self-aggregated structures. The self-aggregated
structures can be monolayers forming the ligand shell.

Materials selected from a group comprising thiols, ami-
nes, phosphine oxides, phosphonic acids or carboxylic acids
can be used as stabilizing reagents. In particular, phosphonic
acid, RPO(OH),, can be used, which, for example, has a
strong binding eflect to quantum dots. On the other hand, an
anisotropic form of the quantum dots can be produced by the
binding of the phosphonic acid to the surface of the quantum
dofts.

In the following, an exemplary reaction equation 1s
shown, how colloidal GaP quantum dots can be produced by
hot 1njection:

dry pentane
GaClz; + P(SiMe3)s -

GaCl3*P(SiMes)3

trioctylphosphine (1OP)

injected mto

GaP (TOPO)  trioctylphosphine

isolatec by oxide suspension
precipitation (TOPO) P :
with methanol at 270° C.

The resulting quantum dots have a first ligand shell. The
first ligand shell 1s formed from trioctylphosphine oxide. In
other words, trioctylphosphine oxide molecules attach them-
selves to the surface of the corresponding core of the
quantum dots. However, such quantum dots are diflicult to
disperse 1nto a matrix material, preferably a highly refractive
silicone matrix material. This leads to the disadvantage that
the mtroducibility of these quantum dots with the first ligand
shell 1s more diflicult. We discovered that with a ligand
exchange, 1.e., by exchanging the first ligand shell by an
inorganic or a phosphonate-containing ligand shell, intro-
ducibility of the quantum dots into the matrix material can
be facilitated. An outcoupling element can thus be produced,
which 1s transparent for radiation from the red and/or IR
region and has a high efliciency.

In a further example, quantum dots can also be produced
with other stabilizing reagents such as, for example,
dodecylamine (DA). In this example, production of the
quantum dots can be carried out after the following reaction:

toluene
GaCl; + P(SiMej); -
injected into
dodecylamine (DA) + trioctylamine at 280° C.
72 h
GaP (DA)

isolation by precipitation with methanol.
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The stabilizing reagents trioctylamine and dodecylamine
are deposited on the surface of the cores as the first ligand
shell. However, the first ligand shell 1s not suitable for highly
refractive polymer blends and conventional matrix materials
since they have long alkyl chains and thus reduce the
refractive index. In addition, only monomodal ligands can
be used as stabilizing reagents. Thus, no bonding of the
matrix material, for example, made of silicone 1s possible.
The ligand shell should therefore be or be adapted to the

properties ol the matrix material.

The method may have a step B), applying an inorganic or
a phosphonate-containing ligand shell on the respective core
of the quantum dots. The quantum dots provided in step A)
preferably have a first ligand shell. The first ligand shell 1s
preferably organic, for example, of ligands containing oleic
acid arranged on the surface of the core of the quantum dots.
Subsequently, the first ligand shell can be exchanged by an
inorganic or a phosphonate-containing ligand shell. As a
result, the quantum dots can be introduced more easily into
a matrix material. This can be explained 1n particular by the
surface compatibility between matrix material and 1norganic
or phosphonate-containing ligand shell.

We recognized that, due to the wavelength region con-
sidered here, quantum dots with a higher refractive index
than, for example, ZrO, and T10, systems can be used. The
surfaces of the quantum dots can be selectively modified so
that the incorporation or introducibility of the modified
quantum dots mto a matrix material, for example, made of
silicone 1s made possible.

The first ligand shell can be exchanged by an inorganic
ligand shell. In the simplest example, this 1s groups like OH
or NH,. Alternatively, the ligands can also consist of an
organic linker (for example, alkoxy, PDMS or the like) with
OH or NH,, as terminal groups. This terminal functionality
of the ligands allows the encapsulation in silica and the easy
embedding into the matrix material in a further synthesis
step.

The first ligand shell can also be exchanged by a phos-
phonate-containing ligand shell. Phosphonate groups have a
very high binding afhnity to the anionic gallium phosphide
or indium phosphide quantum dot. Terminal phosphonate
ligands can therefore exchange the synthetically accessible
and typical surface ligands, 1.e., quantitatively displace
them. The aim 1s a introducibility of the quantum dots with
core and 1norganic or phosphonate-containing ligand shell
into a matrix material, which 1s preferably a polyorganosi-
loxane, in particular polydimethyl-siloxane or better the
higher refractive poly-methyl-phenyl-siloxane (both used
today), particularly preferably an even higher refractive
polydiphenylsiloxane. To adjust a surface loading of the
quantum dots compatible with a matrix material, for
example, a polydiphenylsiloxane, for example, phenylsi-
loxane, phosphonate ligands (more easily accessible also
methylsiloxane phosphonate ligands) can be bonded to the
core of the quantum dots.

The method may have a step C), introducing the quantum
dots with the ligand shell into a matrix material. In particu-
lar, by the ligand exchange of the quantum dots produced 1n
step A) with a ligand shell having inorganic or phosphonate-
contaiming ligands, embedding the quantum dots into the
matrix material can be carried out more easily compared to
quantum dots conventionally produced by the hot 1njection
method having an organic first ligand shell different from the
inorganic or phosphonate-containing ligand shell.

The proportion of the quantum dots 1n the matrix material
may be between 15 vol % to 40 vol %, 1n particular 20 vol
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% to 35 vol %, for example, 13 vol % or 26 vol %. The latter
values are not to be interpreted as restrictive.

We also recognized that by surface modification of the
quantum dots, the refractive index, for example, of GaP can
be reduced from 3.3 to 3. By embedding these modified
quantum dots 1to a matrix matenal, for example, of
siloxane, with a proportion of 26 vol % or 13 vol %, the
refractive index can ultimately be set to 2 to 1.8. The high
refractive index of the quantum dots can thus be specifically
adapted to the matrix material. On the one hand, miscibility
can be improved and, on the other hand, the boundary
surface total reflection (NP matrix) can be mimmized.

The quantum dots having the first ligand shell may have
a smaller refractive index than the quantum dots having the
inorganic or phosphonate-containing ligand shell.

The refractive index of the quantum dots having the
morganic or phosphonate-containing ligand shell may be
higher than the refractive index of the matrix material.

In conventional outcoupling elements, scattering particles
or outcoupling materials such as zircontum dioxide or
titanium dioxide that are supposed to have a high refractive
index, are specifically introduced. In contrast, we recognized
that the outcoupling efliciency of the optoelectronic com-
ponent can be increased. In particular, an efliciency gain of
20 to 50% can be achieved. Such optoelectronic components
are therefore preferably suitable for greenhouse lighting. On
the other hand, conventional optoelectronic components
such as, for example, laser diodes or light-emitting diodes
can also be used.

The 1norganic ligand shell may have a terminal OH group
or NH, group and the quantum dots may be embedded 1n
silica prior to step C). In particular, the OH or NH, groups
are bonded to the surface of the core of the quantum dots.

The phosphonate-containing ligand shell may have a
terminal phenyl-functionalized siloxane phosphate cova-
lently bonded to the core of the quantum dots.

The ligand exchange of the first ligand shell 1n an inor-
ganic ligand shell may be carried out. The quantum dots are
preferably produced by hot injection. The quantum dots then
have a first ligand shell, which 1s preferably organic. This
organic first ligand shell 1s exchanged by an morganic ligand
shell, 1n particular according to the HSAB principle. Gal-
lium 10ns are, for example, hard, while OH 1ons are soft.
Subsequently, the encapsulation of these modified quantum
dots 1n silica can be carried out and their introducibility into
a matrix material can be increased. There 1s no significant
reduction 1n the refractive index since no long alkyl radicals
are present. The ligand shells provide a barrier against
environmental influences and ensure good introducibility of
the quantum dots into the matrix material having, for
example, a refractive index of 1.53.

Alternatively, the first ligand shell of the quantum dots
provided 1n step A) can be exchanged by a phosphonate-
containing ligand shell. For example, the first ligand shell
can contain oleic acid and be displaced by phosphonate
ligands. In particular, the phosphonate ligands are phenyl-
functionalized siloxane phosphonate ligands. The refractive
index of the phenyl-functionalized siloxane phosphonate
ligands corresponds essentially to the refractive index of the
matrix material so that an easy introducibility of the modi-
fied quantum dots 1nto the matrix material can therefore be
achieved and no scattering occurs at the interfaces.

The quantum dots in step A) may be produced by direct
hot 1nmjection, wheremn  Ph,Si-PDPS  (Ph=Phenyl;
PDPS=polydiphenylsiloxane) 1s added as stabilizing
reagent. Alternatively, since 1t 1s easier to access, the PDMS
analogue 1s currently being used, 1.e., PDMS phosphate
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(PDMS=polydimethylsiloxane) with different PDMS chain
lengths, for example, with 5 kD and 10 kDa:

We further recognized that, in addition to the ligand
exchange, phenylsiloxane phosphonate ligands or currently
the PDMS phosphate shown above can also be used directly
as a stabilizing reagent in the hot injection synthesis and
form the phosphonate-containing ligand shell. Thus, no
ligand exchange has to be carried out and the incorporation
or introducibility into a matrix material 1s easier compared
to quantum dots that are produced 1n step A) of the method.

Production of the outcoupling element and the quantum
dots may be carried out by direct hot injection with triph-
enylsiliconpolydiphenylsiloxane phosphonate or corre-
spondingly. In particular, no trioctylphosphine oxide
(TOPO) 1s used. These phenylsiloxane ligands have a simi-
lar refractive index or substantially the same refractive index
as the refractive index of the matrix material so that these are
compatible with one another.

toluene

-

GaCl; +  P(SiMez);
injected into

Ph3Si—PDPS + trioctylamine at 280° C.
72 h

|

GaP (Ph3S1——PDPS)

isolation by precipitation with methanol or centrifugation

The outcoupling efliciency, preferably of the radiation emit-
ted by a semiconductor chip, can be increased by the
outcoupling element described here.

We further provide an outcoupling element. The outcou-
pling element 1s preferably produced using the method
described above.

The outcoupling element have a matrix material that 1s a
highly refractive silicone. In particular, a silicone having a
refractive index n>1.53 i1s described as a highly refractive
silicone. Quantum dots are embedded 1n the matrix material.
The quantum dots each have a core made of gallium
phosphide or indium phosphide. The respective core has a
ligand shell made of silica or phenyl-functionalized siloxane
phosphonate. This ligand shell facilitates the introducibility
of the quantum dots 1into the matrix material compared to
quantum dots that do not have such a ligand shell or have a
ligand shell, for example, of oleic acid. The outcoupling
clement 1s transparent for radiation from the red and/or IR
region.

Radiation from the red region means a wavelength of
approximately 600 to 780 nm, for example, 660 nm (hyper
RED) or 730 (far red). Furthermore, due to their absorption
or transparency, the GaP nanoparticles can also be used
steplessly for, for example, green (approx. 540 nm) and
yellow (approx. 590) or all relevant color shades. Radiation
from the IR region means a wavelength of 750 to 2000 nm,
in particular 800 to 950 nm.
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The quantum dots with the core and the ligand shell may
have formula:

wherein n>1, R1 and/or R2 are independently from one
another H, alkyl or aryl, in particular methyl.
Alternatively, the ligand shell of the quantum dots has the
structural formula:

. ] -
NN
HO""’"('JH\O/\/ \/\/I_/ IHO]H/ l\/\/

with n =1

Further advantages and developments result from the
examples described in the following in conjunction with the
figures.

In the examples and figures, identical, similar or 1denti-
cally acting elements can 1n each 1nstance be provided with
the same reference symbols. The elements 1llustrated and
their size relationships among one another are not to be
regarded as true to scale. Rather, individual elements such
as, for example, layers, components, devices and regions,
are represented with an exaggerated size for better repre-
sentability and/or understanding.

FIG. 1 shows a method of producing an outcoupling
clement according to an example. The hot 1njection method
1s shown. In this example, a cation species 1n solution, using
the example of GaCl,, 1s provided and the anion species,
using the example of P(SiMe,),;, 1s injected, wherein a
monomer complex 1s formed (S=solvent, St—stabilizer).
With the injection, the nucleation takes place, 1.e., with
supply of energy, a rapid saturation of the monomer com-
plexes 1s achieved so that formation of nucleation sides takes
place. The energy can be supplied, for example, by heating
at a temperature of approximately 150 to 400° C., for
example, 250° C. The quantum dots can subsequently ripen.
The npeming can be carried out after the so-called Ostwald
ripening. This results n quantum dots having a core of a
semiconductor material. In addition, the quantum dots have
a first ligand shell. The first ligand shell can have, for
example, oleic acid, lauric acid or olioylamines as shown 1n
FIGS. 2A and/or 2B. The first ligand shell, however, has a
low miscibility or introducibility into a matrix material, for
example, made of silicone. We recognized that due to the
ligand exchange, that 1s to say the exchange of the first
ligand shell by an mmorganic or a phosphonate-containing
ligand shell, the introducibility of the quantum dots can be
increased.

FIGS. 2A and 2B each show quantum dots with a first
ligand shell and/or a second ligand shell. The ligands of the
corresponding ligand shells could be, for example, phos-
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phonate ligands, silane-based ligands, carboxylate ligands,
phosphate-based ligands, catechol-based ligands, tetrameth-
ylammonium hydroxide-based ligands, oleic acid ligands,
olicamines or lauric acid-based ligands. These ligands are
arranged on the surface of the quantum dots 7.

FIG. 3A shows a method of producing an outcoupling
clement according to an example. In this example, a highly
refractive quantum dot 7, for example, gallium phosphide 1s
encapsulated in silica and thus its introducibility or solubil-
ity 1nto a matrix material 8, for example, made of silicone 1s
increased. In the first step, quantum dots 7 having a core 71
are provided. The core 71 can, for example, be made of
gallium phosphide. The quantum dots 7 are loaded with
ligands 73. For example, the ligands have hydroxide groups
73 and are bonded to the surface of the cores of the quantum
dots 7. Alternatively, the hydroxide-functionalized ligands
can also be exchanged with silanols. This can be done, for
example, by hydrophilic substitution. Subsequently, a cova-
lent crosslinking, 1.e., a condensation reaction, of the quan-
tum dots can be carried out via a silica network. The
quantum dots 7 encapsulated or introduced in silica can
subsequently be mntroduced well mnto a matrix material, for
example, made of silicone.

FIGS. 3B and 3C show quantum dots according to one
example. FIG. 3B shows a core 71 of a quantum dot 7 loaded
with ftrioctylphosphine oxide. Trioctylphosphine oxide
forms 1n particular the first ligand shell. Trioctylphosphine
oxide can be introduced as stabilizing reagent 10. The first
ligand shell 1s, however, poorly dispersible in a matrix
material, for example, made of silicone.

FIG. 3C shows a core 71 of a quantum dot 7 loaded with
a first or a second ligand shell 73. This 1s an amine-
tunctionalized radical arranged on the surface of the cores of
the quantum dots 7.

FIGS. 4A to 4F each show a schematic side view of an
optoelectronic component 100 according to an example.

FIG. 4A shows an optoelectronic component 100 having
a substrate 1 on which a semiconductor chip 2 1s arranged.

According to at least one example of the semiconductor
chip 2, 1t preferably comprises I1I-V compound semicon-
ductor material. The semiconductor material 1s preferably a
nitride compound semiconductor material such as Al
In,_,__Ga_N or else a phosphide compound semiconductor
matenial Al In,  __Ga, P, wherein O=n<l, O=m=] and
n+m=1. The semiconductor material can likewise be Al_
Ga,_,As where O=x=1. The semiconductor layer sequence
can have dopants as well as additional constituents. For the
sake of simplicity, however, only the essential components
of the crystal lattice of the semiconductor layer sequence are
specified, 1.e., Al, As, Ga, In, N or P, even 1 they can be
partially replaced and/or supplemented by small quantities
of further substances.

In the beam path of the semiconductor chip 2, an outcou-
pling element 9 1s arranged that contains quantum dots 7
having a core 71 and an i1norganic or phosphonate-contain-
ing ligand shell 72. The quantum dots 7 are introduced nto
a matrix material 8. The matrix material 8 1s 1n particular a
highly refractive silicone, preferably a phenylsilicone. A
housing 5 1s applied to the side faces of the semiconductor
chip 2 and the outcoupling element 9. The housing 5 can
additionally comprise scattering particles, for example, tita-
nium dioxide particles or zirconium dioxide particles.

FIG. 4B shows an optoelectronic component 100 with a
housing 5. The housing 5 has a recess 4 1 which a
semiconductor chip 2 1s arranged. The semiconductor chip 2
1s surrounded on all sides by a casting 6. The casting 6
surrounds both the radiation emission surface and the side

10

15

20

25

30

35

40

45

50

55

60

65

10

surfaces of the radiation-emitting semiconductor chip 2. The
casting 6 comprises the matrix material 8 and the quantum
dots 7. The quantum dots 7 have a core 71 and an 1norganic
or a phosphonate-containing ligand shell 72.

FIG. 4C shows an outcoupling element 9 with a matrix
material 8 and the quantum dots 7 surrounding the semi-
conductor chip 2 on all sides.

FIG. 4D shows the configuration of the outcoupling
clement 9 as a layer surrounding both the side surfaces and
the radiation emission surface of the semiconductor chip 2.
The semiconductor chip 2 can be arranged 1n a recess of a
housing 5 and can additionally be cast with a casting 6, for
example, made of silicone or epoxy.

FIG. 4E shows a substrate 1 on which a semiconductor
chip 2 1s applied. The outcoupling element 9 1s applied 1n the
beam path of the semiconductor chip 2, which 1s designed 1n
the form of a lens 3. The lens 3 does not project beyond the
side surfaces of the semiconductor chip 2.

FIG. 4F differs from the optoelectronic component 100 of
FIG. 4E, 1n that the lens 3 projects beyond the side surfaces
of the semiconductor chip 2. In particular, the lens 3 1is
arranged on the substrate 1 at least 1n regions. The lens 3 1s
formed by the outcoupling element 9.

The examples described 1n conjunction with the figures
and the features thereol can also be combined with one
another i accordance with further examples. Even 1t such
combinations are not explicitly shown in the figures. Fur-
thermore, the examples described 1n conjunction with the
figures can have additional or alternative features according
to the general description.

This disclosure 1s not restricted to the examples by the
description. Rather, the disclosure includes any new feature
and also any combination of features that includes in par-
ticular any combination of features 1n the appended claims,
even 1f the feature or combination itself 1s not explicitly
specified 1n the claims or examples.

This application claims priority of DE 10 2016 117 885.3,
the subject matter of which 1s incorporated herein by refer-
ence.

The invention claimed 1s:

1. A method of producing an outcoupling element for an

optoelectronic component comprising:

A) providing quantum dots each having a core made of a
semiconductor material,

B) applying an inorganic or a phosphonate-containing,
ligand shell on a respective core of the quantum dots,
and

C) introducing the quantum dots with the ligand shell into
a matrix material, wherein introducibility of the quan-
tum dots with the ligand shell 1s facilitated compared to
the quantum dots produced 1n step A), and the outcou-
pling element 1s transparent for radiation from the red
and/or IR region.

2. The method according to claim 1,

wherein the quantum dots 1n step A) have a first ligand
shell different from the inorganic or phosphonate-
containing ligand shell,

in step B), the first ligand shell 1s exchanged by the
inorganic or phosphonate-containing ligand shell, and

the quantum dots having the first ligand shell have a
smaller refractive index than the quantum dots having
the 1norganic or phosphonate-containing ligand shell.

3. The method according to claim 1, wherein the quantum

dots produced 1n step A) are produced by hot injection and
the semiconductor matenal 1s selected from the group con-
sisting pi GaP, InP, GaAs and InGaAlP.

4. The method according to claim 1, wherein the quantum

dots produced 1n step A) are produced by hot injection and
the semiconductor material comprises GaP.
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5. The method according to claim 1, wherein trioctylphos-
phine oxide 1s added as a stabilizing reagent.

6. The method according to claim 1, wherein the quantum
dots produced 1n step A) have the core and a first ligand shell
which 1s organic and different from the inorganic or phos-
phonate-containing ligand shell, and introducibility of the
quantum dots with the mnorganic or phosphonate-containing
ligand shell 1s facilitated compared to the quantum dots
having the first ligand shell.

7. The method according to claim 1, wherein a proportion
of quantum dots 1n the matrix material 1s 20 vol % to 35 vol
%.

8. The method according to claim 1, wherein the quantum
dots having the first ligand shell have a lower refractive
index than the quantum dots having the morganic or phos-
phonate-containing ligand shell.

9. The method according to claim 1, wherein the refrac-
tive index of the quantum dots having the inorganic or
phosphonate-containing ligand shell 1s higher than the
refractive index of the matrix material.

10. The method according to claim 1, wherein the matrix
maternal 1s a polyorganosiloxane.

11. The method according to claim 1, wherein the matrix
material 1s a highly refractive poly-methyl-phenyl-siloxane
or polydiphenylsiloxane.

12. The method according to claim 1, wherein the 1nor-
ganic ligand shell has terminal OH or NH, groups and the
quantum dots are embedded 1n silica prior to step C).

13. The method according to claim 1, wherein the phos-
phonate-containing ligand shell has a terminal phenyl-func-
tionalized siloxane-phosphonate covalently bonded to the
core of the quantum dots.

14. The method according to claim 1, wherein the quan-

tum dots 1n step A) are produced by direct hot injection,
Ph,S1-PDPS or PDMS analogue 1s added as stabilizing
reagent, and the PDMS analogue has structural formula:

i \/ | \/
Hoffl)\o/\/o\/\,/&'&o/&\/\/.
OH ) -

with n =1
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15. An outcoupling element comprising;

a matrix material which 1s a highly refractive silicone and

in which quantum dots each having a core of GaP or
InP are embedded,

wherein a respective core has a ligand shell of silica or

phenyl-functionalized siloxane-phosphonate, and the
outcoupling element 1s transparent to radiation from the
red and/or IR region.

16. The outcoupling element according to claim 185,
having quantum dots with the core and the ligand shell of
formula:

O tef—pett—0
\

wherein n>1, R1 and/or R2 are independently from one
another H, alkyl or aryl, or the ligand shell of the quantum
dots has structural formula:

N/ |\/
O/\/O\/‘\{SIRO]H/SI\/\/.

o~

O—'v=0
= /

with n =1
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